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AND STATEMENT PROBLEM. 


Nearly all our present knowledge the rate growth fresh 
water mussels confined studies the development juvenile 
mussels through the period infection the glochidia upon the 
host fish time not exceeding six years thereafter, the rate 
growth the animal being most conveniently determined the rate 
growth length its shell. Portions these studies having 
direct bearing upon the subject this paper are now cited. 

Curtis and fevre, (14), indicate that juveniles Lampsilis 
ventricosa first observed the second year free life, may nearly 
double size the close the fourth year growth. Coker, 
Shira, Clark and Howard, (2), reporting upon pond raised specimens 
Lampsilis luteola remark that four additional growing seasons are 
required for such shells double length after the second growing 
season. Lampsilis gracilis, thin shelled species, was found 
increase length the rate about 190% year. They add 
that since these species are all mussels river habitat, can not 
assumed that growth ponds representative the rate growth 
natural environment. They then record experiment with 
principally thick shelled, (Quadrula), mussels, which were placed 
crate the Msisissippi river for nearly one year. None 
these mussels were over three inches length, and after months 
and days had increased length follows: ebenus, 
pustulosa, 5%; metanevra, plicata, 8%; undata, 
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24%. While granting that the conditions the experiment were 
somewhat unfavorable growth, impression gained these inves- 
tigators was that thick shelled mussels, after they are half-grown, 
increased size the rate in. year less. summary, 
they state that the rate increase length fresh water mussels 
from inches “paper (Lampsilis laevissina), 


in. more less the (Q. ebenus), and related 


shells, while intermediate rate in. in. per year charac- 
terizes the muckets and pocketbooks, (L. luteola and ventricosa), with 
slightly more rapid rate for the yellow sand shell, anodon- 
toides). 

Isely, (10), made notable experimental study the growth and 
migration fresh water mussels. collected some hundreds 
mussels various species, and after properly marking them and 


making necessary records their weight and dimensions, 


returned them their usual environment, reclaiming specimens 
intervals for further observation. For specimens lachry- 
mosa, undulata, pustulosa, rubiginosa, finds average per cent 
aggregate gain 13% length, 1214% height, 14% breadth. 
Other data set forth him will referred discussion the 
individual species dealt with this paper. Howard, (9), attacks 
the problem the growth fresh water mussels from 
biological standpoint. The length juveniles luteola growing 
floating crate the end the first growing season was ob- 
served 128 times that the original juvenile the beginning 
free life. Depending most probably upon the conditions the 
season, the end the second summer, these juveniles were found 
have increaséd from 212-475% length. 
gators had found, observed that maximum growth was not attain- 
able under the best artificial conditions culture. All these inves- 
tigators agree that growth most rapid the juvenile period, 
decreases noticeably with age, advanced years being almost imper- 
ceptible. 

has probably become evident the reader that the methods 
devised for the culture and propagation mussels are recent that 
the present time and for some subsequent period, they will 
unable throw any light upon the rate growth these animals 
their later years. For this reason, believe that certain data 
mine will upon analysis with fair qualifications add our knowledge 
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the rate growth certain species, particularly for that period 
after the juvenile stages. Additionally, the present 
tributes further series biometric studies mussels relation 
their environment inaugurated Ortmann, (16), continued the 
writer, (3-8), and Ball, (1), recent paper. 


The material studied consisted juvenile and adult specimens 
the following species, which are listed conformance with the 
recent changes the nomenclature the Naiades sponsored 
Ortmann and Walker, (17). The older name which certain 
them are known indicated parentheses. 


Fusconaja flava parvula (Grier). 

Amblema plicata (Say). 

Pleurobema coccineum pauperculum (Simpson). 
Elliptio dialatus sterkii (Grier). 

Lasmigona (Symphynota) costata eriganensis (Grier). 
Anodonta grandis footiana (Lea). 

Leptodea (Paraptera) fragilis (Raf.). 

Proptera alata (Say). 

Anodontoides ferrussacianus subcylindraceus (Lea). 
Ligumia (Lampsilis) recta (Lam.). 

Lampsilis siliquoidea (Luteola) rosacea (DeKay). 
Lampsilis ovata canadensis (Lea). 

The species listed represent well defined varieties the parent 
Upper Mississippi species, (3, 7). They were collected Dr. 
Ortmann the Carnegie Museym Lake Erie over number 
years, (1903-07), for study this kind, and are now the 
collection the Museum. Most them were obtained Presque 
Isle Bay, but smaller amount came from Plaisance Bay and 
Cedar Point. indebted Dr. Ortman for the use the 
material, well the the Museum for the fullest 


use its facilities. 

The type mussel fauna has already been admirably treated 
papers Walker, (18), and Ortmann, (15). These and the physical 
conditions concerned have already been discussed fully the writer 
elsewhere, (7), the latter being ably given for Lake Erie Jen- 
nings, (11). For sake convenience, however, the outstanding 
points concerning the physical conditions are given the following 
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contrasting columns, when the relation the lake environment 


this problem will eventually become clearer. 


LAKE ERIE 

Water, colder than Upper 
Ohio, with more even regulation 
temperature. Currents much less 
rapid than streams, water less 
agitated except moderate cur- 
rents carrying but little sediment. 
Bottom composed pebbles, sand, 
region lake, with coarser sedi- 
ment derived from wear land. 
Temperature conditions favor more 
uniform production food, while 
the water contains more lime. 


UPPER OHIO DRAINAGE 

Water warmer than Erie, 
greater extremes temperature. 
Streams more rapid than currents 
Erie and more greatly agi- 
tated, frequent falls and rapids, 
short stretches quiet 
Rivers carry load debris, mov- 
ing quickly over the bottom, con- 
sisting mud, glacial till, cob- 
bles. Food conditions, (due ex- 
“tremes temperature), are less 
stable, even times, food 
more abundant. 


whole possess brighter and clearer colors than their parent shells 
the Upper Ohio and Upper Mississippi; are exceptionally polished, 
and otherwise characterized distinction their well developed 
lines growth. has also been suggested that certain depau- 
perate qualities these such their dwarfed condition and 
thinness, may due the chemical quality the water, (5), the 


influence brackish water upon fluviatile species being well known. 


common method estimating the age mussel has been 
count the so-called rings lines growth. Studies previously 
mentioned investigators, (10, 2), have shown that, under certain 
conditions such procedure would yield unreliable estimate 
the animal’s age. For example, mussels living rivers undoubtedly 
form growth ring every winter, but what was not certainly known, 
was that period summer drought, even temporary removal from 
the water, would cause superficially similar reaction, and far 
estimating age was concerned yield misleading results. 

will observed the section dealing with physical condi- 
tions, not all bodies water present the extreme conditions relation 
mussel life those possessed the rivers. Conditions are seen 
fairly uniform Lake Erie, and such could conceded 
favor uniform conditions growth. This being the case, the num- 
ber rings growth the shell could reasonably conceived 
represent the number years the animal has lived. 


the 

sti 
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Previously, this and other data had been gathered while making 
study the morphological characteristics mussel shells inhabiting 
Lake Erie, (7), and there but remained the task for the present paper 
regrouping the data chronologically, when percentages indicating 
the rate growth based the more commonly taken measure- 
ments the shell—length, height, and inflation, well others not 
commonly made, could calculated. detailed description the 
method making these measurements given the paper cited, but 
for the convenience the reader they are stated consist the 
following: 


Length, Dorso-ventral diameter, (height), DVD. 
Dextro-sinistral diameter, DSD, (breadth). 4.5. Distance an- 
terior, (AD), and posterior, (PD), from DVD, extremities 
valve, the giving the total antero-posterior dimension. 
6.7. Length anterior, (AHL), and posterior, (PHL), part 
hinge measured from the beak, giving total hinge-length. 
ness valve just superior the pallial line the region beneath the 
umbo. The measurements and calculations made from them con- 
stitute the results. 


the following tables, each species first dealt with separately. 
The ages indicated were obtained counting the lines growth 
each specimen. the two columns the left are indicated the 
number specimens used for estimated age. The remaining 
columns contain first, the mean the measurements described above 
and expressed centimeters for the youngest juvenile the species 
available. The rest the columns consists the mean the dimen- 
sions juveniles and mature shells succeeding ages expressed 
percentages the corresponding dimensions the youngest juvenile. 
The comparisons, etc., following the tables percentages for each 
species are based most largely the average these percentages 
for the probable number years represented the series material 
that species. other times, however, conclusions taken are based 
upon direct inspection. All percentages expressed are index 
the amount growth particular part the shell for the time 
stated. Finally, for the convenience both reader and writer 
making comparative study the rate growth different species, 
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the important. data for each species summarized the table 
“Comparative Growth Species Studied,” following the individual 
discussion species. 


FUSCONAJA FLAVA PARUOLA 


0 


verage per year each dimension for years, 


43% 150% 209% 192% 


FROM TABLE PERCENTAGES AND 


this species, increase the various dimensions the shell 
greatest later years. ‘The increase DSD, PHL and the 
greatest, the least. and AHL increase 
years 8-11 inclusive, DVD, DSD, PD, PHL, and AHL increase more 
rapidly than from 4-7 inclusive. The increase thickness less 
marked later years, while that also low. 

The conditions under which Iseley, (10), did his work, probably 
prevented any attempt upon his part estimate the age the mus- 
sels used his study. the river form this species, 
(Quadrula rubiginosa), gives, (p. 10), the average yearly growth 
young specimens increase 6.1% length, 5.6% height, 
5.3% breadth. From 11, increase these dimensions 
two other specimens can inferred, while 9.2% gain length 
deduced from the records specimens given 12. 
unfortunate that none the juveniles had access had quite 
reached the dimensions the shells used, but results check 
with other investigators that the rate growth diminishes with 
age. Had been possible make comparison size alone, 
would have been seriously discounted the fact that lake dwelling 
shells are often depauperate. the basis the statement 
authors cited, (2), that shells the niggerhead and related species 
increase in. more less year, averages indicate con- 
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180% 180% 220% 170% 190% 200% 150% 170% 

180% 192% 257% 172% 207% 188% 150% 170% 

228% 177% 212% 213% 185% 
282% 286% 250% 333% 205% 207% No. 
290% 290% 377% 300% 247% 318% 270% 220% Spe 

323% 321% 414% 354% 210% 400% 275% 230% 

401% 340% 297% 373% 300% 200% 

305% 340% 374% 323% 250% 386% 312% 

300% 292% 
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trast, that years the increase more like inch for this 
species. 

related form, Quadrula (Fusconaja) undata, the last 
tigators cited give 15.8 mm. the length pond raised specimen 
the close the second year. This checks fairly well with 
estimate year specimens flava, well does the increase 
two years .44 in. which equals 11.17 mm. 


AMBLEMA PLICATA 


WwW 


verage growth per year each dimension for years, 


66% 147% 142% 182% 104% 170% 
FROM TABLE PERCENTAGES AND REMARKS. 


this species, the dimensions PD, and PHL increase most 
greatly with age. DVD and DSD increase about the same rate. 
and show the least increase. Increase size continuous 
from year year, but shells 14-15 years age are large some 
older ones. From the ages 8-12, DVD and DSD increase more 
rapidly than early years, also and PHL. While the 
increase relatively less, that AHL relatively more. 


This species most likely the one studied Isely, (Quadrula 
undulata). (p. 10), observed gain 21% 
length, 20% height, and 19% breadth. specimens, 
the ones most corresponding with his dimensions are aged and 
years. specimens for those years check length 20%, 
height 22%, breadth, 1%. The small number variants used might 
explain the greater discrepancy between these, the fact that lake 
dwelling forms are usually smaller than river specimens, even earlier 


ual 
Age PHL TH. 
163% 152% 145% 163% 154% 150% 120% 200% 
195% 186% 108% 200% 172% 182% 176% 166% 
247% 250% 265% 271% 163% 200% 145% 225% 
288% 280% 260% 300% 240% 290% 220% 270% 
289% 260% 270% 301% 220% 262% 246% 298% 
312% 284% 276% 300% 246% 300% 250% 
339% 319% 279% 398% 220% 348% 260% 244% 
265% 244% 288% 280% 222% 244% 184% 285% 
295% 360% 260% 350% 290% 235% 
356% 332% 310% 381% 310% 290% 
409% 364% 376% 440% 292% 390% 410% 444% 
the 410% 362% 380% 454% 260% 4215% 356% 
403% 352% 368% 436% 286% 429% 332% 421% 
ess 
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ies, 
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12. 
eck 
cies 


136° THE AMERICAN MIDLAND NATURALIST 


life. Isley also records, (p. 11), the growth other specimens 
this shell, the smallest which most closely corresponds the oldest 
material. the rate growth obtained the dimen- 
sions order 15%, 10%, 11%. Using the shell dimensions 
composing the means for and years, obtain 11%, 12% and 
14% which allowing for environment seems fairly close. Coker, 
Shira, Howard and Clark, (2), studied Quadrula plicata, closely 
related species. They report 13.5 mm. length the close 
the second year reared pond. This nearly mm. smaller 
than youngest specimen plicata. They, however, recognize 
the fact that conditions pond are apt produce stunting 
effects. record another specimen which increase 5.17 in. 
costata between the ages and 

find can select series variants which will exhibit very 
nearly the same percentage yearly increase Iseley’s remaining 
data undulata, (p. 13). found specimen mm. 
length increased that dimension one year; mm. 
The ages material these correspond are 
10, 10, and years. 


results, obtained the method described, indicate that 
Isely’s estimate yearly growth length from 5-25 mm. 
somewhat conservative for one based the smallest and youngest 
specimens. find that applying the average growth length, 
least mm. lake shells. Within the limits material, 
seems probable that length 110-120 mm. could reached 
years, Isely found the case mussels from Shoofly Creek. 
Undoubtedly the environment very large factor determining 
the rate growth. 


COCCINEUM PAUPERCULUM 


DVD DSD PHL TH. 
4.47cm. 2.85cm. 4.8 cm. .97cm. 3.12cm. 1.28cm. .27cm. 
106% 103% 140% 
120% 123% 121% 
125% 174% 131% 
Average growth per year each dimension for years, shell), 


Average growth per year each for years, (8-12 yrs. inclus.) 


15% 18% 15% 15% 


‘ot 
No. 
22% 
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FROM TABLE PERCENTAGES. 


the few shells the series obtainable were quite old, 
difficult come any satisfactory conclusion concerning their rate 
growth, and have felt that the best insight obtained pre- 
senting the results have above. Within the limits these 
observations, growth appears more rapid the following dimensions, 
PD, AD, AHL, PHL, and TH. relatively slower DVD, 
DSD. Specimens may larger years than some others 
years. Increase thickness most marked. The rate 
growth PD, AD, AHL, PHL, nearly the same. 


ELLIPTIO DILATATUS STERKII 
oO. 
Spec. Age DVD DSD PHL 


381% 374% 556% 


verage growth per year each dimension for years, 


144% 160% 219% 156% 108% 172% 


FROM PERCENTAGES AND REMARKS. 


The greatest increase the dimensions this sheil during the 
period indicated are found DSD, PHL, AHL, and Th. 
Growth appears continuous through the years. and DVD 
increase practically the same rate, while the increase thickness 
relatively large. Some the shells are large years 
‘others are 12. The rate growth appears more rapid 
between the years 9-12 than years 4-8. This increase not well 


Authors cited, (2), record growth 4.3 mm. for medium sized 
specimen, (Unio gibbosus), crate anchored the Mississippi 
river period little over years, month, (p. This 
amount growth, which yearly average 2.2 mm., found 
specimens between the ages 4-5, 8-9, 9-10, 11-12. 
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LASMIGONA COSTATA ERIGANENSIS. 


DVD DSD PHL AHL 


114% 114% 106% 124% 91% 100% 
Average growth per year each dimension for years, (oldest shell), 
Average growth per year each dimension for years, (6-10 yrs. inclus.) 


94% 10% 23% 19% 


FROM TABLE PERCENTAGES. 


the few shells the series obtainable are somewhat advanced, 
not easy draw satisfactory conclusions concerning their rate 
growth. However, DVD, PHL and increase most rapidly, 


the large increase AHL probably accidental. Increase thick- 
ness not well marked. 


ANODONTA GRANDIS FOOTIANA 


DVD DSD PHL 
5.27cm. 3.27cm. 2.24cm. 6cm. 1.65cm. 


163% 180% 


Average growth per year each dimension for years, (oldest shell), 


29% 32% 28% 16% 
Average growth per year each dimension for years, (5-9 


The greatest increase the years represented the dimensions 
PD, DSD, PHL. The latter appears enlarge uniformly. 
noted that shells may large years the relative 
increase thickness apparently small. Isely, (10, 15), made 
studies the parent species grandis. The nearest specimen his 
studied and larger one, was aged years. showed increase 
length, 20% height, and 47% breadth over the 
average for year specimens, against 4%, 3.2% and 6.7% Isely’s 
specimens. The tremendous increase inflation undoubtedly due 
the lake environment, the greater height specimen seems 
that unusual variant, since the height Isely gives may 
obtained material selection the variants. 


138 
No. 
No. 
113% 118% 114% 116% 85% 109 
ac 
No. 
142% 127% 143% 144% 140%. 130% 138% 
175% 165% 174% 169% 138% 184% 169% 157% 
166% 151% 156% 175% 145% 170% 147% 
160% 150% 133% 166% 148% 137% 


FRESH WATER MUSSEL SHELLS 


LEPTODEA (PARAPTERA) FRAGILIS. 


DVD DSD 


57% 73% 68% 
FROM TaBLE PERCENTAGES AND REMARKS. 


Growth increase appears most rapid PD, and PHL; least 
AHL, TH. Increase the same rate DSD, while 
according this data, growth greatest years, increasing 
steadily this period. DVD, AD, PHL and apparently 
grow the most rapidly the years 7-9, inclusive. PD, however, 
increases most rapidly years 4-6 inclusive. 


Two related species, Lampsilis gracilis and Lampsilis laevissima, 
have been observed authors cited, found the first 
named these species increase 190% length one year. 
data, such specimen would between 11-12 years. The 
second cited one the “paper shells,” increasing in. 
per year, (12.7 50.80 mm.), length. The latter represents 
its lower ranges the amount increase found among shells. 


ALATA 
o. 


Spec. Age DVD DSD PHL AHL 
85cm. 


verage growth per year each dimension for years, 


260% 294% 282% 


92 
139 
No. 
125% 131% 125% 145% 118% 128% 
220% 202% 252% 201% 222% 170% 166% 
24% 203% 195% 216% 220% 218% 222% 175% 144% 
208% 227% 230% 233% 213% 216% 176% 177% 
201% 196% 203% 215% 223% 221% 170% 
191% 189% 148% 213% 190% 192% 157% 155% 
290% 256% 262% 316% 309% 325% 250% 244% 
Average growth per year each dimension for years, 
lly, 
ck- 
cm. 
TH. 
112% 120% 120% 121% 136% 40% 
105% 105% 136% 118% 180% 90% 
328% 241% 379% 309% 363% 120% 
201% 247% 240% 202% 267% 245% 
371% 461% 554% 417% 369% 220% 
384% 473% 520% 423% 363% 473% 233% 240% 
511% 623% 780% 541% 563% 480% 
703% 764% 757% 927% 377% 
668% 755% 871% 741% 681% 836% 365% 600% 
750% 820% 911% 823% 785% 377% 500% 
812% 1148% 930% 757% 1054% 400% 640% 
788% 794% 811% 694% 863% 366% 
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The greatest increase any these dimensions seen 
and PHL. While increase noted throughout the years, 
nearly uniform PD, AD, and DVD, and rather large TH. 
Growth most rapid between 12-16 years, when especially 
noticeable DVD, TH, DSD; less AHL. 


ANODONTOIDES FERRUSSACIANUS SUBCYLINDRACEOUS 


No. 
Spec. Age DVD DSD 

140% 

145% 140% 

151% 
162% 180% 150% 200% 

verage per year each dimension for years, 


FROM TABLE PERCENTAGES. 


Increase with age most marked DSD, AD, and AHL. 
All dimensions grow more rapidly between 6-9 years than between 
3-6. Increase height, little; growth PD, PHL 
uniform, that thickness, rapid. This shell one which rarely 
found large rivers. 


10. LIGUMIA, (LAMPSILISP RECTA.) 


No. 


59% 74% 79% 
FROM TABLE PERCENTAGES AND REMARKS. 


Within the limits the ages represented, seems clear that DVD, 
DSD, PD, PHL, and AHL increase most rapidly with age. The 
rate greater TH; and have apparently the same rate 
growth, while the remaining dimensions, with the exception TH, 


140 
grow 
that 
PD, 
AHL 
.93cm. 08cm. othe 
124% 113% 
133% 134% 
154% -136% 147% 
163% 146% 187% obse 
123% 200% hat 
betv 
No. 
Spec 
155% 200% 170% 150% 185% 180% 167% 226% 
146% 166% 141% 172% 150% 188% 206% 
146% 167% 165% 141% 184% 150% 176% 206% 
178% 193% 190% 182% 185% 201% 188% 146% 
191% 191% 213% 191% 222% 235% 200% 
148% 153% 145% 177% 170% 170% 200% 
182% 169% 211% 186% 195% 191% 
155% 211% 209% 185% 146% 229% 192% 226% 
170% 174% 200% 176% 160% 190% 153% 
vera 
106% 
Spe 
the 
pre 
lar 


ws 
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grow largely the same rate. observed that some specimens 

The preceding observations are based largely the averages, but 
comparison from age age the above percentages indicates 
that DSD increases steadily throughout, well PHL and PD. 


seems relatively diminish with the years, while later ones, 


PD, DVD, and DSD tend increase relatively more rapidly than 


‘the length. The rate growth the hinge lines approximately 


the same. Certain specimens reach maximum growth earlier than 
others. 

the species Unionidae studied authors cited, (2), the 
greatest growth for period little over years, months, was 
observed medium sized example this species. The gain 
that period was 44.7 mm. one specimen alone, yearly average 
cm. Referring data, find even greater growth 
between the ages 9-10, 11-12, 15-16. 


(LUTEOLA) SILIQUOIDEA ROSACEA. 


Age DVD DSD 

106% 110% 116% 102% 123% 122% 120% 
111% 120% 121% 113% 138% 122% 145% 
134% 136% 146% 142% 137% 144% 196% 160% 
142% 140% 151% 147% 128% 162% 156% 170% 
155% 151% 265% 160% 146% 171% 190% 210% 
107% 126% 108% 156% 251% 
161% 154% 171% 166% 147% 183% 163% 180% 
143% 148% 150% 130% 181% 156% 190% 
147% 135% 186% 185% 123% 175% 158% 175% 
167% 155% 172% 158% 204% 180% 210% 
152% 148% 176% 158% 146% 180% 178% 215% 
167% 158% 164% 171% 161% 172% 185% 170% 
Average growth per year each dimension for years, 


Throughout the life the animal, illustrated the above 
series, growth most rapid DSD, PD, PHL, AHL and TH. 
Specimens may large years 19. Thickness exhibits 
the most outstanding increase. According these results, the shell 
grows somewhat more rapidly after twelve years than the six 
preceding ones, the thickness nearly doubling. DVD, DSD grow 


largely the same rate. 
This species mussel considerable commercial importance, 


No. 
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and its rate growth has been studied greater detail than 
any other mussel. Coker, Shira, Howard and Clark, (2), record 
its growth follows, 126. 


Age Length 

68.8mm. 158% 
80.6mm. 180% 
84.9 


Howard, 70, records even greater average increase 
length from mussels reared floating crate—209%. youngest 
Erie specimen was years old and had length 51.2 mm. 
against 84.6 mm. for those from the Upper Mississippi River. 
However, well known that the lake forms this species, 
will taken detail later, are unusually depauperate when 
compared with those from the Mississippi. The average rate 
growth calculated from their data 62%, while between the years 


LAMPSILIS OVATA CANADENSIS 


DVD DSD 
1.28cm. 


529% 188% 619% 


verage growth per year each dimension for years, 


186% 206% 249% 210% 47% 256% 


The average increase most marked the dimensions DVD, 
DSD, PD, PHL, growth being less. Growth appears 
somewhat irregular, some specimens being larger early age 
than others. increases consistently with age, and the rate 
growth DSD, TH, and PHL most similar. Growth appears 
greater years, (7-11), than later ones, (12-16). During the 
latter period, however, growth thickhess most rapid, PHL 
markedly more, AD, and AHL relatively 
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No. 
Spec. Age PHL TH. 
272% 276% 332% 273% 137% 310% 305% 133% 
317% 360% 480% 479% 155% 388% 326% 
340% 372% 425% 343% 152% 417% 262% 191% 
350% 400% 423% 365% 170% 440% 
423% 466% 509% 453% 190% 552% 373% 29% 
460% 509% 556% 476% 212% 606% 440% 
503% 416% 350% 
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Coker, Shira, Howard and Clark, (2), report that this species 
attained length 41-47 mm. two growing seasons, mm. 
August the third growing season. Specimens 45-47 mm. length, 
evidently the second year free life, were measured and planted 
the Mississippi river Lefevre and Curtis. When recovered 
the former authors, they had attained length 81-85 mm. None 
specimens were large years, the nearest corresponding 
being 7-8 years, while the nearest specimen attaining length 
81-85 mm. were between 12-13 years age. the 
environment may exercise deterrent effect upon growth. The 
average increase length the specimens described these 
far lower than the one have derived. 


Species 


Average Yearly Increase in Dimensions 


Calculated in- 


|No. years basis’ 


average 


crease length 
per year, MM.) 


= 
° 


examined 


147% 142% 182% 104% 170% 125% 112% 

160% 156% 108% 172% 179% 285 

4%9.2%7.6 


Fusconaja flava parvula 
Amblema plicata costata. . . 
Pleur. coccin. pauperculum. . 
Elliptio dilatatus sterkii 
Lasmigona costata eriganensis, 
Leptodea fragilis 

Proptera alata 


> 


186% 206% 210% 47% 106% 
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The following evident from the preceding table the 
average growth per year the different groups mussels, with 


‘regard the dimension length: 


Hard shell, slow growing Quadrula mussels, 
(species 6.8 mm. .27 in. 
Paper thin shell, rapid growing mussels, 
Intermediate group mussels, 
(species 10, 11, 8.2 mm. in. 
The numbers shells the series representing and 
Lasmigona, were too small taken into consideration this 
comparison. Comparing with the data cited from Coker, Shira, 


mm. .36 in. 
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Howard and Clark, (2), evident that data checks only with 
their observations for the Quadrulas, the average growth for the 
remaining groups being considerably less. 


From the tables percentages calculated for each species, the 
following correlations may derived the growth the 
different regions the juvenile shell: 


Greater degree inflation, DSD associated with less dorsal 
ventral diameter, (height), all the species. 

all but three species, (to which there are exceptions), there 
greater degree inflation, (DSD), associated with greater pos- 
terior development the shell, PD. The exceptions are Pleurobema, 
Ligumia, and Anodontoides. 


all but three species, (to which there are exceptions 
greater associated with greater PHL. 

Greater DSD, PD, PHL and less are associated with 
less all species excepting Pleurobema, Elliptio, Lasmigona, 
Anodontoides, Ligumia, and Lampsilis 

These correlations growth juvenile shells are found 
very similar those obtained from measurements adult 
shells, (7, 173). 


addition the data already presented the rate growth 
the different species, may add the following conclusions 
derived, viz.:. 

Fresh water mussels dwelling lakes, like their river rela- 
tives, grow most rapidly the earlier years their lives, and the 
process growth slows down considerably with advanced age. 
must remembered this connection that none the shells reported 
upon had reached extreme old age. 

The rate growth highly variable, even mussels the 
same species. 

With the possible exception the mussels the Quadrula 
group, lake dwelling-mussels rule grow more slowly than those 
from rivers, least with regard the dimension length. 

The growth juvenile shells the species discussed exhibit 
mostly the same correlation growth parts the adult shells. 
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FRESH WATER MUSSEL SHELLS 


Allusion has been continually made the depauperate quality 
many lake shells, tor the most part the results obtained the 
“paper” and Lampsiline groups shells are those which would 
have been expected. previous paper, (5), have been able 
show that the thickness shell mussel species from Erie 
negatively correlated with the percentage calcium carbonate 
the water, whereas the Upper Ohio River Drainage, positive 
correiation exists. Erie water, besides containing more calcium 
carbonate, contains greater quantities other alkaline substances. 
The substances mentioned appear act such way prevent 
less absorption calcium carbonate the Erie shells than 
those the Upper Ohio; consequence the Erie shells are 
thinner. 

has also been previously stated that convenient index the 
rate growth mussel lies the rate growth its shell. 
Although length has been the common dimension which the rate 
growth has been estimated, and while thickness the shell 
the characteristic which may associated the amount cal- 
cium carbonate the water, seems plausible assume that the 
inorganic salts Erie water may through favoring the develop- 
ment thinner shell, cause corresponding inhibition the 
development other parts the shell architecture, the reaction 
the mussel being maintain the “biological balance” the different 
parts. This best illustrated with the results the Quadrulas 
Erie. They are always slow growers, and develop 
shell. However, Erie they have thinner shells, growth 
length pace with that the shell, seems the expense 
thickness. Under this combination circumstances, the shell 
may take from the water, just what needs the way lime—a 
point which accord with our knowledge the 
inorganic salts living shells. 

interesting example connection that Lampsilis, (luteola) 
siliquoidea which Lake Erie develops into thin and dwarfed 
shell. Yet Lake Pepin, expansion the Mississippi river 
southern Minnesota, which possibly presents all lake characteristics 

cited for Erie, except the high mineral content the water, this 
reaches its maximum size and development. 
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ions presented for certain species, the cases Pleurobema and 
Lasmigona are difficult comment upon account the small 
amount material. Nor able add anything for the other 
species furnishings exceptions the general trend correlations 
beyond suggestions presented another paper, (7, 174), beyond 
stating the results may have been occasioned unusual variants. 
The fact that juvenile shells exhibit mostly the same correlations 


adult shells may indicate that the lines along which they 


are largely Predetermination this case, however. 
might indicate sufficiently rigid uniformity environmental con- 
ditions guide the shells their development along the lines their 
ancestors, the the mussel protoplasm itself. 


true that the experiments dealing with mussel culture 
have cited, that all the shells were subjected identical environment- 
conditions, which itself probably insures greater uniformity 
results for the types environment studied. small amount the 
material needed obtain complete series possible came from 
other localities Erie besides Presque Isle, the source most 
it. need raised this account serious objection 
from the aspect environmental effects upon shells, the broad 
idea the lake environment being more important the present 
discussion than that any separate effects the smaller localities 
involved it. anything, more probable that greater balance 
has been given the calculations account some the ma- 
terial being from different localities. 

Undoubtedly the results would more satisfactory some, 
had been possible compare equal numbers shells all cases, 
but the results obtained have fitted with what was previously 
known the growth process these animals, that felt serious 
objection can thereby interposed. 
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*Contribution No. from Biological Laboratory, Washington and 
Jefferson College. 


tures the last issue (Vol. VIII, Nos. July-September, 
1922), gives degrees above zero for January, 1918, and 
degrees above for January, 1919. Both these should read 
minus and minus 11. See page 123. 
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Euglena Viridis (Ehrenberg.) 


This flagellate was found unusual abundance early January, 
1921, little spring-fed creek which remained open all winter. 
This creek the watering trough for cattle and other farm animals 
and the water more less polluted seems the characteristic 
condition under which Euglena viridis grows abundance. About 
the middle January, was observed that the bottom this creek 
was completely lined with the rather gelatinous, green masses 
Euglena cells. This condition continued all winter and, the sug- 
gestion Dr. Bert Cunningham, the following investigations were 


made: 
Fest Evolving Gas 


April 12, much inflated masses the Euglena cells were floating 
the surface the water. quantity the material was col- 
lected and test the evolving gas proved oxygen. Masses 
the material, especially after they had stood the laboratory for 
few hours, invariably emitted decidedly ‘fishy’ odor. Such 
odor mentioned Butschli describing sanguinea. 


Tests for Chlorophyll 


After quantity the material had stood for several hours 


large stender dish exposed the light, the thick, green, oily layer 


Euglena cells was poured off and allowed filter, the cells remaining 
the filter paper. The filter paper was then transferred 
beaker methyl alcohol which was heated the boiling point over 
water bath. 

order check the results the test another alcoholic extrac- 
tion was prepared the same way from fresh parsley leaves. After 
the extraction from the Euglena cells was complete, the green liquid 
was put through filter, leaving the cells the filter paper. These, 
when examined under the microscope, showed practically none 
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their original color, but were intact and but little shrunken this 
treatment. The separation the pigments the chlorophyll extrac- 
tions, both the Euglena cells and the parsley leaves was done 


benzine. The vials were then shaken vigorously and their contents 


stand until the pigments separated. The yellow alcoholic 
layer and the blue-green benzine layer were identical the two 
extracts. The flourescence, too, both the chlorophyll solutions and 
the cyanophyll-benzine layers were the same the Euglena and 
parsley extractions. Tests for the effect sunlight and 
darkness both extracts gave corresponding results. 

Some the Euglena cells were boiled water for minute 
so. pigment any kind discolored the water and the cells 
themselves, when examined under the microscope, showed color 
change and but little distortion shrinkage. was observed, how- 
ever, the cells subjected this treatment, that the flagella were 
made quite prominent. 

Cultures 


Such media tap water,* creek water, {filtered and unfiltered) 
Marschal’s solution, Byrenck’s solution, very dilute solutions cane 
sugar, prune juice, egg white, egg yolk, whole egg, and milk, all 
tried darkness and light under the same conditions tem- 
perature, gave results, that is, motility, growth, and reproduction, 
incomparably better the light than the darkness. The best 
results obtained from the inorganic nutrients, creek water, and tap 
water, moderate light. These results were all about equally good. 


The second best results were the organic nutrients the light. 


The cultures which ranked distant third were those the 
organic nutrients the dark. these, comparatively few cells 


divided longitudinally after few days, but there was little motility. 


The chloroplasts these cells, general, did not disintegrate any 
more rapidly than did the cells themselves. very few motile cells 
showed number non-green plastids. 


Among the hindrances the cultural work, are the numerous pro- 
tozoan forms which thrive the cultures about equally well light 
and darkness such species Paramoecium, Vorticella, Stylonychia, 


This deep well water which, chemical analysis, yields calcium, 


iron, magnesium, the hydroxyl, sulphate, and carbonate radicals, and 
trace chlorine. 
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Dileptus, Amoeba, etc. Numerous Rotifera, too, together with the 
protozoa, decrease the cultures feeding the Euglena cells. 
Protozoa well bacteria were rife the organic nutrients but not 
the inorganic nutrients nor the creek water and tap water. 
While the encysted cells are still alive, the water mould, Polyphagus 
Euglenae grows rapidly the cultures, especially the unfiltered 


creek water. The growth and decline this mould are index 


the condition the encysted Euglena cells. Thus, declines 
the cultures the darkness sooner than the light. was ob- 
served that, like some the other water moulds such Saprolegnia, 
the zoospores Polyphagus Euglenae swarm only the morning. 


Reproduction 

Reproduction the successful cultures begins about the second 
the third day and, first, there only longitudinal division, the 
parent cells coming rest night, and the daughter cells separating 
the morning. the cultures (in light) advance, many the 
cells encyst and there arises from each encystment, four, eight, and 
even sixteen cells; four being the most common number. There are 
many eight-celled encystments but relatively 
groups. 

Summary 

discharge oxygen gas from masses Euglena cells 
the sunlight indicates the process photosynthesis. 

The green plastids Euglena viridis are 

Euglena viridis does not thrive the dark and it, therefore, 
must depend, least very largely, upon photosynthesis for its nutri- 
tion. There indication, however, that Euglena viridis does make 
use organic nutrients very slight degree, the fact that 
seems little more successful such media when the dark 
than inorganic nutrients. This may accounted for part, 
however, the fact that the protozoa and other enemies Euglena 
are less dependent upon organic media than they are the 
inorganic media. 

Reproduction Euglena viridis, observed this study, 
longitudinal fission resting cells, and the division encysted 
cells into four, eight, even sixteen cells. 

Saint Clara College, 
Sinsinawa, Wisconsin. 
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